Lung adenocarcinoma is a leading human malignancy with fatal prognosis. Ninety percent of the deaths, however, are caused by metastases. The model of subcutaneous tumor xenograft in nude mice was adopted to study the growth of control and photodynamically treated tumors derived from the human A549 lung adenocarcinoma cell line. As a side-result of the primary studies, observations on the metastasis of these tumors to the murine lungs were collected, and reported in the present paper. The metastasizing primary tumors were drained by a prominent number of lymphatic vessels. The metastatic tissue revealed the morphology of well-differentiated or trans-differentiated adenocarcinoma. Further histological and histochemical analyses demonstrated the presence of golden-brown granules in the metastatic tissue, similar to these found in the tumor tissue. In contrast to the primary tumors, the electron paramagnetic resonance spectroscopy revealed no nitric oxidehemoglobin complexes (a source of intense paramagnetic signals), in the metastases. No metastases were found in other murine organs; however, white infarctions were identified in a single liver. Taken together, the A549-derived tumors growing subcutaneously in nude mice can metastasize and grow on site in the pulmonary tissue. Thus, they can represent an alternative for the model of induced metastatic nodule formation, following intravenous administration of the cancerous cells.
INTRODUCTION
Lung cancer is a leading cause of malignancy-related death worldwide (Goto et al., 2002; Oien et al., 2007; Wei et al., 2011) . Development of this malignancy is correlated with, for example, exposure of the pulmonary tissue to carcinogens such as nitrosoamines and peroxides, mainly found in tobacco smoke or air pollution (Coussens and Werb, 2002; Wei et al., 2011) . Advanced invasive lung cancer may spread from the primary tumor to other organs (Adiseshaiah et al., 2007) . The typical sites of metastatic relapse of lung adenocarcinoma solid tumors are brain, bones, adrenal gland and liver (Nguyen et al., 2009) . As much as 90% of deaths from lung cancer are due to metastases (Goto et al., 2002) .
Photodynamic therapy (PDT), an efficient and noninvasive method of cancer treatment, has been approved for use in lung cancer patients (Moghissi, 2008) . In this therapeutic approach, a light-inducible pro-drug (photosensitizer, PS) is injected into the patient circulation, and transported with blood to reach the cancerous tissue. Then, the malignant tissue is illuminated with light of an appropriate wavelength, either directly or by optical fibers. The photosensitizer becomes excited and reacts with molecular oxygen stored in the tissue, forming various toxic agents (Dougherty et al., 1998) , mainly singlet oxygen, and other reactive oxygen and also probably nitrogen species (ROS, RNS, respectively). These reactive molecules cause destruction of neoplasia by (i) direct cell killing via e.g. apoptotic, necrotic or autophagic cell death, (ii) disruption of tumor vasculature, or (iii) activation of the immunological system against the tumor (Dougherty et al., 1998) .
The generation of ROS and RNS, as reflected in oxygen consumption, may be monitored by the electron paramagnetic resonance (EPR) spectroscopy (Pogue et al., 2003) . So far, this biophysical experimental approach has been applied to monitor the progress of PDT in the tumors in situ (Pogue et al., 2003; Krzykawska et al., 2012) , but not to follow the effects of PDT in distant metastases of human cell line-derived tumors.
In this study, in which the primary A549-derived solid tumors growing in nude mice were subjected to PDT, the metastases were monitored and investigated by the means of histology and EPR spectroscopy. Zinc pheophorbide a (Zn-Pheide), a chlorophyll-derived photosensitizer, whose pharmacokinetics were found advantageous for PDT (Szczygieł et al., 2008) , and which was shown to be effective against lung A549 adenocarcinoma tumors growing in BABL/cA nude mice (Jakubowska et al., 2013a) , was used. Also, a commercially available photosensitizer Photofrin ® , approved, for example, for the Jolanta Saczko (Wrocław Medical University, Wrocław, Poland), were cultivated in vitro under standard conditions (37°C, 5% CO 2 in a humid atmosphere). The cells were cultured in DMEM high glucose medium supplemented with heat-inactivated FCS (10%, v/v) and antibiotics (penicillin and streptomycin). The A549 cells were trypsinized, centrifuged (1400 rpm, 4 min), washed in PBS twice, and injected sc (1 × 10 6 , 100 μl of PBS) into the left flanks of the 7-8-week old mice (the animals were acclimatized for two weeks before experiments). In total, 106 mice were injected with the A549 cells. The tumors were measured every 7 days, and the general condition and weight of the animals (see Table S1 in the Supplementary Materials on web site: www.actabp.pl) were monitored as well.
Three perpendicular diameters a, b and c, measured using calipers, allowed us to calculate the mean diameter and volume of tumors, according to the formulas 3 √a × b × c (Schreck, 1936) and (π/6) × a × b × c (Feldman et al., 2009) , respectively.
Photodynamic therapy. The photodynamic therapy protocols using Zn-Pheide as a photosensitizer, varying either in PS dose (1-10 mg/kg) or ways of PS administration (ip and iv), were tested previously (Jakubowska et al., 2013a) . For all these experiments, the animal lungs, livers and lymph nodes (lymphonodus axillaris accessories and lymphonodus subiliacus) were harvested, and inspected carefully for the presence of macroscopically visible metastases of the A459 adenocarcinoma tumors. Also, the tumor tissues were harvested and analyzed (see in Jakubowska et al., 2013a) .
In the study of metastases to the animal lungs, animals (n = 34) bearing the A549 tumors of the mean diameter of 6 mm were randomized, and then the tumors were treated with Zn-Pheide only (n = 4), light only (n = 4), PS and light (Zn-Pheide or Photofrin ® , n = 13 or n = 5, respectively). The injections of PS or placebo were given to the tail vain.
The histological analysis was performed for a single A549 tumor containing golden-brown granules, subjected to photodynamic treatment with Zn-Pheide (ip injection, PDT 20). The studies of anatomic pathology in livers revealed morphological changes in a single organ harvested from the mouse bearing the A549 tumor of the mean diameter of 4 mm treated with Zn-Pheide (ip injection, PDT 30) and light. Eight untreated animals served as controls.
The PS solutions were prepared immediately before iv (1 mg/kg, ~200 μl, Zn-Pheide or Photofrin ® ) or ip (10 mg/kg, ~500 μl, Zn-Pheide) administration, and were obtained by dissolving Zn-Pheide or Photofrin ® in a small volume of EtOH and aqua pro injectione containing PBS (9 : 1; iv administration), or Zn-Pheide in a small volume of EtOH and PBS (ip administration). The final concentrations of EtOH in solutions were 5% and 10%, respectively.
For PDT of the tumors, Zn-Pheide solutions were administered iv 70 or 140 min before illumination (referred to as PDT 70 and PDT 140, respectively), or ip 20 or 30 min before illumination (PDT 20 and PDT 30, respectively) , and Photofrin ® solutions were administered iv 24 h before illumination (PDT Ph). After administration of PS or placebo, the tumors were exposed for 20 min to monochromatic red light (655 nm) at the fluency of 100 mW/cm 2 . The total light dose delivered to the tumors was equal to 120 J/cm 2 . Before illumination, the animals were anesthetized (ketamine and xylazine, 8 mg/kg and 30 mg/kg, respectively, ip injection) and their bodies were protected from light, leaving only the tumor sur-face exposed. The growth of tumors was monitored for up to 120 days after the treatment in animals which followed the PDT 70, PDT 140, PDT Ph protocols, and in the control group, or monitored for up to 100 days after the treatment in animals that followed the PDT 20 and PDT 30 protocols.
Biological material. The animals were anesthetized (ketamine and xylazine, 150 mg/kg and 10 mg/kg, respectively, ip injection), and then their blood was taken from the ventricles of beating heart. The animal organs were collected, photographed, weighted (for lung mass see Table S1 in the Supplementary Materials at www. actabp.pl), and fixed using a 5% buffered formaldehyde solution for histological and histochemical analyses, or frozen in liquid nitrogen for EPR measurements (see below).
Histology and histochemistry. The fixed (5% formaldehyde, pH 7.4) lung, liver and tumor tissues were dehydrated (50%, 75%, 96% and 99.8% aqueous EtOH, and xylene), and then paraffin-embedded. The tissue slices (5 μm, prepared after freezing on the cooling platform, or incubating in icy cold water) were mounted on Polysine ® glass slides. The sections were pre-incubated in xylene (× 2), then in 99.8% (× 2), 96%, 80%, 70%, 50% aqueous EtOH, and distilled water, and stained according to modified HE (hematoxylin and eosin), MGG (May-Grünwald-Giemsa), or FM (Fontana-Masson) and PPB (Pearl's Prussian blue) protocols (Zawistowski, 1983) .
Hematoxylin and eosin staining. The tissue sections were incubated in Mayer's hematoxylin (12 min), rinsed with tap water (15 min), and stained in 0.1% eosin Y solution (1.5 min; 96% EtOH and distilled water, 7 : 3). After the staining the sections were incubated in 70%, 96% (× 2), 99.8% (× 2) aqueous EtOH, then in xylene (× 2), sealed in Consul Mount, and covered.
May-Grünwald-Giemsa staining. The sections of lungs were incubated in Accustain ® May-Grünwald stain solution at 37°C (20 min; stock Accustain ® MayGrünwald stain solution and distilled water, 3 : 32), dried with paper tissue, protected from light and incubated in Giemsa stain solution at 37°C (40 min; 0.5% Giemsa stock in glycerol and methanol, 1 : 3, and distilled water, 1 : 400). Afterwards, the sections were immersed quickly in 0.15% aqueous acetic acid, rinsed with distilled water, dried, dehydrated (99.8% EtOH and acetone; 1 : 1), and finally incubated in xylene and sealed as described above.
Fontana-Masson staining. The sections of lungs containing golden-brown granules were protected from light, whereupon incubated in ammoniacal silver nitrate solution (according to Bielechowsky's method, after Zawistowski (1983) ) at 56°C (40 min); the negative control sections were incubated in distilled water. The sections were next rinsed with distilled water, and incubated in 5% aqueous sodium thiosulfate (3 min), rinsed with tap water (3 min), stained in 0.5% aqueous neutral red (5 min), rinsed with tap water (3 min), dehydrated in 70%, 96% (× 2), 99.8% (× 2) aqueous EtOH, and then in xylene (× 2), and sealed as described above.
Pearls' Prussian blue staining. All procedures were performed using glass equipment only. The sections of lungs were washed in distilled water (15 min), and incubated in fresh mixture of 2% potassium hexacyanidoferrate(II) and 1% hydrochloric acid aqueous solutions (1 : 1; 30 min). Then the sections were washed in distilled water, stained in 0.1% eosin Y (1.5 min; 96% EtOH and distilled water, 7 : 3), washed in distilled water, stained in 0.5% aqueous neutral red (5 min), and rinsed with tap water (3 min). Then the sections were washed in 70%, 96% (× 2), 99.8% (× 2) aqueous EtOH, and in xylene (× 2), and sealed as described above.
Analysis. The tissue slides were inspected under a light microscope (40 and 100 ×), to distinguish between the normal tissues, metastases, and other anatomic pathologies. The sections of lungs and tumors were photographed and analyzed using the Nis elements F 3.0 software supplied by the manufacturer of the microscope, and the liver sections using a digital video camera and the MultiScanBase software supplied by CSS (Warsaw, Poland).
Professor Andrzej Słomiński (Health Science Center, the University of Tennessee, Memphis, Tennessee), is gratefully acknowledged for expert analysis of the sections, and the discussion.
EPR measurements. The samples for EPR measurements (the right lungs, and the left merge of lobus hepatis sinister lateralis of the liver) were frozen in liquid nitrogen in standard 2 cm long glass tubes (inner diameter 0.4 cm) directly after excision and were stored at -80°C till the measurements. The statistics of the lung samples are given in Table S1 in the Supplementary Materials at www.actabp.pl.
The lung samples were measured at 77 K in a quartz Dewar container using an EPR X-band (ca. 9.4 GHz) EMX spectrometer, applying the following parameters: field 3340 ± 150 Gs, modulation amplitude 5 Gs, conversion time 40.96 ms, time constant 20.48 ms, microwave power 4.2 mW, receiver gain 2 × 10 4 , and resolution 1024 points. For each spectrum 16 scans were accumulated. The liver samples were recorded using a different set of parameters: field 3280 ± 250 Gs, conversion time 163.40 ms, time constant 81.92 ms, a single scan recorded for each spectrum. The standard solutions of chemically pure nitrosylhemoglobin (HbNO) were synthesized as described in Plonka et al., 1999 , and the samples were recorded using the parameters as for the lung samples, apart from field 3331 ± 250 Gs and receiver gain 1 × 10 4 . The spectra were analyzed using the WinEPR and Eleana 0.9.8 software. The peak-to-peak amplitudes of the semiquinone free-radical signals were compared for either lungs or livers (normal organ vs organ with anatomic pathology). All the spectroscopic data were normalized to the constant mass of the tissue and to the instrumental gain. Mr Piotr Łącki is gratefully acknowledged for recording and analysis of the liver spectra.
Statistical analysis. The results were expressed as the mean values of three to eight animals/samples ± S.D. The statistical significance of differences between the mean values were tested using the parametric Student's t test, proceeded with ANOVA. The p values < 0.05 were considered statistically significant.
RESULTS AND DISCUSSION

Tumors and metastases
89 out of 106 BALB/cA nude mice (84%) which received the sc injection of the human lung A549 adenocarcinoma cells at number of 1 × 10 6 bore the A549-derived tumors. The solid tumors were palpable within 3-7 weeks after the implantation, in line with our earlier reports (Jakubowska et al., 2013a) . Initially, the tumors ( Fig. 1A ; T -tumor) were identified as objects of the diameter of a sand grain growing under the skin. During the period of growth in the animal hosts, the tumors were easily distinguishable from the murine tissues (e.g. from muscles or adipose tissue) under both macroscopic and histological examinations (not shown).
Metastases of the A549 tumors to the lungs were found in 7% (six out of 89) of murine hosts. A characteristic feature of these tumors was the presence of well developed lymphatic vessels (lv) surrounding the primary tumor (Fig. 1A) . The metastases to the lungs had the form of numerous pale secondary tumors growing on the surface of the lung lobes and inside the pulmonary parenchyma (Fig. 1B-E) . No metastases were found in the lungs of untreated control animals (Fig. 1F ), but they were present in the lungs of light-alone (25%; Fig. 1C,  F) and Zn-Pheide-alone (25%, Fig. 1F ) treated control animals, and in the lungs of the animals undergoing photodynamic therapy: in a single animal treated with PDT 140 (14%; Fig. 1B, F) and three mice treated with PDT Ph (60%; Fig. 1D−F) . The statistical analysis revealed that the percentage of pulmonary metastases (Fig.  1F) was significantly increased in the lungs of the animals that received PDT Ph in comparison to the lungs of untreated control animals (p < 0.01), and the lungs of the animals treated with PDT 70 (p < 0.02). No significant differences (p > 0.05) were found between light-alone treated and photodynamically treated (PDT 70, PDT 140 or PDT Ph) tumors.
Although the growth of tumors undergoing PDT Ph was inhibited in comparison to untreated control tumors (not shown), the therapeutic protocol using 1 mg/kg of Photofrin ® and 655 nm red light cannot be considered as being safe for the treated animals due to the appearance of numerous metastases in lungs causing a high risk of severe respiratory problems (Douillard et al., 2013) . Such dose of the drug is reported as "low" (Peng et al., 2001) in comparison with the clinically approved dose of 2 mg/kg in PDT of lung cancer (Moghissi, 2008) . Also, the 655 nm wavelength light is optimal to excite Zn-Pheide (Jakubowska et al., 2013a) , but not Photofrin ® whose absorption maximum is located at 630 nm (Detty et al., 2004) .
The presence of tumor metastases in animals undergoing photodynamic therapy depends not only on the chemical nature of the applied photosensitizer or the spectral characteristics of light, but also on the tumor model, and the interaction between the tumor and its animal host (Schreiber et al., 2002) . In this context, PDT was reported to have a dual role in metastatic processes. Momma et al. (1998) observed a significant increase in number of pulmonary metastases of rat prostate cancer growing in rat hosts, treated photodynamically with Verteporfin as a photosensitizer. On the other hand, a significant decrease in the number of metastases to the lungs and lymph nodes was reported for rat glioma xenografts growing in male nude mice undergoing PDT with Pd-Bacteriopheophorbide a (Schreiber et al., 2002) , and rat mammary tumors growing in rat females undergoing PDT with indocyanine green (Chen et al., 1999) . A good photosensitizer should not only destroy the primary tumor subjected to the photodynamic treatment, but also prevent metastasis, e.g. by activation of the immunological system to eradicate the secondary tumors.
Neither the presence of (metastatic) tumors, nor the experimental procedures affected the animal weight ( Fig. S1A and Table S1 in the Supplementary Materials at www.actabp.pl) and general health status, despite the fact that the mass of lungs with metastases increased by 25-50% ( Fig. S1B and Table S1 in the Supplementary Materials at www.actabp.pl).
Histological and histochemical analyses of the pulmonary metastases
The metastatic potential of human lung tumors is investigated in vivo in immunodeficient animals, e.g. in an orthotopic ("on site", in the animal lungs) model of tumor growth and spontaneous formation of the metastases (Chen et al., 2005) , or after injection of cancerous cells to the tail vain, leading to the formation of nodules in the lungs of the host (Goto et al., 2002; Adiseshaiah Wei et al., 2011; Gutshner et al., 2013) . In the present work a spontaneous formation of pulmonary metastases of the human-derived lung A549 adenocarcinoma tumor growing sc in BALB/cA nude mice, is described.
The paraffin-embedded sections of secondary A549 tumors growing inside the lung parenchyma (Fig. 2) and on the surface of lung lobes (Fig. 3) were analyzed using HE ( Fig. 2A and Fig. 3A, B) and MGG ( Fig. 2B and Fig. 3C,  D) histological staining, and FM (Fig. 3E , for the negative control see Fig. S3 in the Supplementary Materials) and PPB (Fig. 3F ) histochemical staining. The metastatic adenocarcinoma tissue growing inside the parenchyma of lung differed markedly from normal alveolar pulmonary tissue, and revealed a biphasic growth of this cancerous tissue. Both the areas of glandular morphology (Fig. 2 and Fig. 3C , red triangles), characteristic for well differentiated adenocarcinoma (Oien et al., 2007) , and the areas of signet-ring morphology of trans-differentiated adenocarcinoma (Fig. 2, black triangles) , were observed.
The analysis of the metastases growing on the surface of the lung lobe (Fig. 3, and Fig. S3 in the Supplementary Materials) showed the presence of golden-brown granules spreading through the cancerous tissue. Similar granules were found inside the solid adenocarcinoma tumor tissue (Fig. S2 in the Supplementary Materials).
The human lung malignancies containing melanin have already been reported by Enochs et al. (1993) .
The tissue sections indentified to contain goldenbrown granules were subjected to histochemical analysis for argyrophil (capable of impregnation with silver(I) ions, dark brown or black color after the staining) or Prussian blue positive (containing iron(III) ions deposits, blue or purple color after the staining) properties.
To assess the capability of impregnation with silver, Fontana-Masson staining (Fig. 3E, and Fig. S3 in the Supplementary Materials) procedures were used (Fontana, 1912; Masson, 1914) . This histochemical staining method facilitates detection of pigments, such as melanin (Slominski et al., 1994) or lipofuscin (Double et al., 2008) , which is also called "aging pigment". The Pearls' Prussian blue staining (Fig. 3F ) allows for visualization of hemosiderin (van Deursen et al., 1989) , an iron-storage complex present mainly in tissues undergoing various inflammatory processes. Hemosiderin is usually formed after release of iron from the destroyed red blood cells in the presence of macrophages. Both those histochemical reactions were positive, proving the presence of argyrophil ( Fig. 3E) and hemisiderin ( Fig. 3F) granules, but the areas of specific staining did not fully overlap (Fig. 3F ).
Anatomic pathologies in murine liver
The metastases to liver were reported for numerous tumors growing sc in the animal hosts (Kozlowski et al., 1984; Fidler, 1986; Fidler et al., 1990) . For this reason the livers harvested from murine hosts of the lung A549 adenocarcinoma tumors were carefully inspected. Easily distinguishable areas of white tissue were found in a single liver, spreading on the liver surface (Fig. 4A) . The enlargement of both the spleen and the surrounding lymph nodes indicated activation of the immunological system, possibly due to the process of metastasizing to liver. However, the histological analysis of the liver tissue section did not reveal the presence of human cancerous cells; instead, white infarctions were observed in the liver parenchyma (Fig. 4B) . Numerous young neutrophils infiltrated the infarctions and the border between the normal and necrotic liver tissues. This phenomenon, though observed in a single animal, is relevant to metastasis because it may be the remnant of pre-existing metastases, or just be a symptom of a general poor condition of the tumor-bearing animal.
EPR analysis
The representative EPR spectra of normal and pathological (metastases or white infarctions) lung and liver tissues are shown in Fig. 5 . The intense free radical singlet signals of g ~2.004 (Chamulitrat et al., 1995; Elas et al., 2008) were detected for lung and liver samples, no matter whether normal or with metastases, or infarctions. The mean values of the amplitudes of the free radical EPR signals detected ex vivo in normal lung tissue (20 samples in total) and in the lung tissue containing the A549 tumor metastases (six samples) were not significantly different (not shown). For the normalized EPR free radical signal amplitudes and numeric data see Fig. S1C and Table S1 in the Supplementary Materials at www.actabp.pl.
In the lung tissue with metastases, the free radical signal tended to be weaker than in the control (Table S1 in the Supplementary Material at www.actabp.pl). Therefore, even the putative presence of melanin, as suggested by FM staining of the lungs (Fig. 3E) , did not contribute measurably to the signal. The lung malignancy reported by Enochs et al. (1993) was suspected to be a melanoma metastasis, because of the presence of pheomelanin revealed by means of the EPR spectroscopy. In general, "melanotic melanomas" are considered being strongly melanotic tumors, whereas the amount of pigment in the metastasis of the A549 adenocarcinoma reported hereby was clearly low. Nevertheless it is intriguing, as the primary tumor was amelanotic. Possibly, melanization of the pulmonary tumors of various origins, including the secondary tumors, might be related to a high partial pressure of oxygen in the lungs. As ectopic melanization may be an additional feature of oxidative stress, which promote the progression of metastasis (Slominski et al., 1998) , this observation may deserve a special attention and further systematic studies.
The high intensity of free radical signals detected in the samples might originate from the significant metabolic ratio of both organs, but the paramagnetic nature of the signal is probably different. In the lungs, involved in the processes of respiration, the presence of free radicals might be associated with, for example, the continuous exposure to oxygen and air pollution (Ohta et al., 1985) , and may lead to mutations and development of lung cancer (Wei et al., 2011) . In the liver tissue, the EPR free radical signals originate from semiquinones involved in cellular respiration (Elas et al., 2008) .
Nitrosylhemoglobin (Fig. 5C ), a paramagnetic complex of hemoglobin and NO, can be detected by means of the EPR spectroscopy in tissues undergoing various inflammatory processes associated with tumor growth (Emanuel et al., 1969) and necrotization (Maruyama et al., 1971) . It may also be generated as a result of the response of the tissue to endotoxemic stress (Płonka et al., 1999) . We detected intense HbNO EPR signals in situ in the lung A549 adenocarcinoma tumors growing in nude mice hosts, either control or photodynamically stressed using red light and Zn-Pheide as a photosensitizer (Jakubowska et al., 2013b) . Moreover, the intensities of the respectable signals varied significantly. As in the latter work we detected for the first time the HbNO EPR signals in the human-derived tumors growing sc in nude mice, it was of a great importance to find out whether metastases of those tumors were a source of the EPR HbNO signals, carrying the message that the NO-generating cells became activated. However, no HbNO signals were found in the samples of the murine pulmonary tissue with metastases (compare Fig. 5A and C). This may be due to the strongly oxidizing milieu of the lung, transforming NO to EPR-silent nitrate(III) and (V) (Plonka et al., 2003) . Another possible background of this effect may be a different physiology of the NOgenerating cells, most probably alveolar macrophages, neutrophils, and pulmonary endothelium , as compared to the ones infiltrating the primary tumors. Furthermore, the NO-generating cells in metastases are generally less active than these of the primary tumors (Haque et al., 2011) . The mediatory role of Tcells between the primary tumor cells, and the metastasizing tumor cells must be excluded in the model of human-derived tumor growing in nude mouse.
Other components of the EPR spectra might originate from transition metal ions present in the tissue: manganese(II) ions in the lung spectra (g ~2.002, A SNS ca. 90 Gs, reported by Yonetani et al. (1970) and Reed and Cohn (1973) ), reduced iron-sulfur proteins in the lung and liver spectra (g ~1.93, reported by Chamulitrat et al. (1995) , and Elas et al. (2008) ), and molybdenum(V) ions in the liver spectra (g ~1.97, reported by Chamulitrat et al. (1995) ).
In general, EPR measurements did not reveal any significant difference between normal, and metastasesinvaded organs. Comparing this result with the observations on the primary tumors (Jakubowska et al., 2013b) one has to conclude, that the primary tumor affects various mechanisms leading to the generation of paramagnetic species, mainly free radicals, more strongly than the secondary tumors. This is an important point concerning not only the biology of adeno- carcinomas, but possibly also the mechanisms and effectiveness of PDT.
CONCLUSIONS
The human lung A549 adenocarcinoma cells showed metastatic potential after sc inoculation to the flanks of BALB/cA nude mice. The secondary pulmonary tumors appeared in 7% of the lungs of animals undergoing different treatments, and were growing as well differentiated or trans-differentiated adenocarcinomas. The metastases were not found in other murine organs or lymph nodes. The EPR spectroscopy revealed intense free radical singlet signals in both lung and liver tissue samples, and the signal intensity was not affected by anatomic pathologies occurring in the tissues. These findings open an interesting direction for further investigation of novel in vivo models of human-derived tumor metastasis.
